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1. PURPOSE 
The purpose of this calculation is to perform a parametric study to determine the effects of 
fission product leaching, assembly collapse, and iron oxide loss (AFe203) on the reactivity of a 
waste package (WP) containing mixed oxide (MOX) spent nuclear fie1 (SNF). Previous 
calculations (CRWMS M&O 1998a) have shown that the criticality control features of the WP 
are adequate to prevent criticality of a flooded WP for all the enrichment/ burnup pairs expected 
for the MOX SNF. Therefore, the objective of this calculation is to determine the increase in 
reactivity that might result fiom possible degradation of the WP criticality control features. 
Specifically, this calculation tests the sensitivity of effective neutron multiplication factor hff) to 
loss (from the WP) of the following: (1) fission product neutron absorbers, or (2) moderator 
displacement material (principally, the iron oxide +it results from the corrosion of carbon steel). 
This calculation, prepared in accordance with the Procedure AP-3.12QIRev. OACN 0, supports 
the activity outlined in CRWMS M&O (1999). 
2. 'METHOD 
The calculational method used to perform the reactivity calculations consisted of using the 
MCNP code (Section 4.111) to calculate kff for the various WP configurations. The calculations 
were performed using continuous energy cross-section libraries fiom the Evaluated Nuclear Data 
File, ENDF/B-V. The results reported from the MCNP calculations were the combined average 
values of fiom the three estimates (collision, ~bsorption, and track length) listed in the final 
generation summary in the MCNP output. The base MCNP input is taken from CRWMS M&O 
(1998% Attachment IV). 
3. ASSUMPTIONS 
3.1 All fission products and actinides, other than U and Pu, are assumed to have the same 
average solubility, whereas U and Pu isotopes are assumed to be insoluble. The basis for 
this assumption is that it is conservative. This assumption is used in Section 5. 
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4. USE OF COMPUTER SOFTWARE AND MODELS 
4.1 SOFTWARE APPROVED FOR QUALITY ASSURANCE (QA) WORK 
4.1.1 MCNP 
The MCNP code was used to calculate the bff of the various WP configurations. The software 
specifications are as follows: 
Program Name: MCNP 
VersionlRevision Number: Version 4B2 
Computer Software Configuration Item (CSCI) Number: 30033 V4B2LV 
Computer Type: Hewlett Packard (HP) 9000 Series Workstations 
The input and output files for the various MCNP calculations are documented in Attachment I1 
of this calculation, as described in Section 7, such that an independent repetition of the MCNP 
calculations may be performed. CRWMS M&O (1998b) provides the software qualification 
report. The MCNP software used was: (a) appropriate for the WP bff calculations, (b) used only 
within the range of validation documented throughout CRWMS M&O (1998b), and (c) obtained 
fkom the Software Configuration Manager in accotdance with appropriate procedures. 
4.2 SOFTWARE ROUTINES 
None used. 
4.3 MODELS 
None used. 
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5. CALCULATION 
The reactivity calculations are detailed calculations of the hff for MOX SNF configurations, as 
shown in Figure 5-1 for the nominal pitch and l l l y  collapsed cases. The MCNP input and 
output files are presented in Attachment 11. The bff results for the reactivity calculations are 
presented in Section 6.1. These results include the AENCF value (average energy of a neutron 
causing fission), which is calculated using Equation 5-1 (Eq. 5-1). 
Eq. 5-1 AENCF (MeV) = energy per source particle1 weight per source particle 
Nominal Pich 
'l-l 
Fully Collapsed 
W a t e r  Reflector 
Outer Banier 
Inner Barrier 
_Uniform Corrosion 
Products 
Figure 5-1. Degraded 21 PWR Fuel Waste Package with Uniform Corrosion Product Distribution 
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5.1 SOURCE INFORMATION 
This calculation uses information retrieved from source documentation. This calculation is 
based on source information taken fiom a published report (CRWMS M&O 1998a) prepared 
under the Office of Civilian Radioactive Waste Management (OCRWM) QA program. Because 
the source information is based on the assumptions listed in CRWMS M&O (19984 pp. 6-7), 
and because the fuel represented in the MCNP input files taken from CRWMS M&O (19984 
Attachment IV) is based on assumed enrichments and burnup curves, the source information 
should be considered unqualified data. Because of this, the results reported in Section 6 must be 
verified prior to use in quality affecting activities, or use in analyses affecting procurement, 
fabrication, or construction. 
The base MCNP input and number densities are taken fiom CRWMS M&O (19984 Attachment 
N), which was developed under the OCRWM QA program. Table 5-1 lists the number densities 
taken fiom the reference for the 4.0 weight percent (wt%) of fissile M35.6 gigawatt-days per 
metric ton of heavy metal (GWd/MTHM) cases and Table 5-2 lists the number densities taken 
from the reference for the 4.5 wt% fissile M39.3 GWdfMTHM cases. These are the base values 
used for decreasing the fission product content in the fuel. 
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Table 5-1. Base-case Atom Densities (atomlb.cm) for the 4.0 wt% Fissile Pu135.6 GWdlMTHM 
Fuel 
NOTE: WA = not applicable 
100,OOO-y Decay 
4.600149~10' 
3.876421 x lo6 
4.720524 x lo4 
3.328092 x 10' 
4.214826 x 10' 
1.040703~10~ 
3.224670 x lo4 
2.342765 x 1 o6 
1.001655~ 10' 
1.898359 x 1 o - ~  
1.291572~10~ 
NIA 
6.372738 x 10% 
1.197459~10~ 
5.824521 x lod 
2.891302 x 
2.863782 x loa 
2.961840 x 10% 
3.822427 x 1 o4 . 
1.979665~10~ 
2.136514 x loa . 
1.078221~10~ 
NIA 
2.170763 x 10' 
5.011713~ loa 
4.621368 x lo-14 
2.165132 x 10' 
1.392301 x 10"' 
NIA 
4.843484 x lo-" 
6.836814 x 10' 
45,000y Decay 
4.600149~10' 
3.876421 x lo4 
4.720524 x 10' 
3.99371 1 x 10' 
4.214826 x lo4 
1.040703~10~ 
3.224670 x 10' 
2.342765 x 1 0' 
1.001655 x lo6 
1.898359 x 
1.291572x106 
NIA 
6.372738 x loa 
1.197459~10~ 
5.824521 x lod 
2.891302 x 
1 .445739 x 10' 
3.265194 x lo8 
2.987644 x 1 o4 
1.968727x104 
2.136514 x loa 
1.100003~10~ 
NIA 
1.052982 x lo4 
1.672364~ lo8 
4.101933 x 
2.399776 x lo6 
1.237006 x 1O"O 
NIA 
8.550450 x lod 
6.837897 x lo4 
Isotope 
160 
"MO 
?c 
lo' RU 
l W ~ h  
l Q ~ d  
' " ~ d  
147~rn 
14'srn 
lS0srn 
lS1srn 
lQsrn 
lS1€u 
153~u 
l = ~ d  
2 3 4 ~  
mu 
=U 
=U 
m ~ p  
238~u 
239~u 
240~u  
241~u  
242~u  
"l~rn 
242~rn 
2 U ~ m  
Total 
10,000-y Decay 
4.600149~10~ 
3.876421 x lo4 
4.476610 x lo4 
4.720524 x lo6 
4.214826 x lo6 
1.040703~10' 
3.22470 x lo4 
2.342765 x 10' 
1.001655~ lo4 
1 .898359 x 10'~ 
1.2Q1572x104 
4.216759 x lo4 
6.372738 x lo8 
1.197459~10~ 
5.824521 x lo8 
2.891302 x 10'T 
3.312460 x 10'' 
3.480299 x 10% 
1.164303 x 1 o4 
1.312485~10~ 
2.136514 x lo4 
1.110894~10~ 
9.760772 x loa 
2.851 152 x lo4 
6.721718 x lo6 
7.122154 x 10'" 
2.559761 x 10' 
2.254457 x loQ 
7.145978 x loa 
2.294282 x lod 
6.838521 x 10' 
25,000y Decay 
4.600149~10' 
3.876421 x lo4 
4.720524 x lo4 
4.254737 x lo4 
4.214826 x lo4 
1.040703~10~ 
3.224670 x lo4 
2.342765 x 1 o6 
1.001655~ lo6 
1.898359 x 10" 
1.291572x104 
NIA 
6.372738 x loa 
1.197459~10~ 
5.824521 x loa 
2.891302 x 10" 
8.308846 x 10'' 
3.386535 x lod 
2.169337 x 1 o4 
1.$48416x104 
2.136514 x loa 
1.105449~10~ 
NIA 
1 .868368 x lo4 
1.381985 x lo6 
2.099161 x 10'" 
2.490435 x 10' 
6.586654 x 10-lo 
NIA 
5.576380 K 10" 
6.838284 x loa 
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Table 5-2. Basease Atom Densities (atomlb-cm) for the 4.5 wt% Fissile Pu139.3 GWdhATHM Fuel 
Isotope 
'"0 
g S ~ o  
V c  
"'RU 
'03Rh 
l m ~ g  
' " ~ d  
14'~d 
' "~m 
140sm 
'%rn 
" ' ~ m  
'%rn 
'"EU 
l S 3 ~ u  
l S ~ d  
2 3 3 ~  
2 3 4 ~  
2 3 5 ~  
mu 
= ' ~ p  
=PU 
=PU 
240~u 
"' PU 
242~u 
24 '~m 
242~m 
2'=Am 
Total 
45,000-y Decay 
4.600149 x 10' 
4.270864 x 1 o8 
5.219441 x lo' 
4.398302 x 10' 
4.591 150 x lo6 
1.141454 x lo6 
3.549847 x lo6 
2.583277 x lo6 
1.089519~10' 
2.773858 x 1$ 
1 A37950 x 1 o6 
NIA 
6.899550 x loa 
1.291545~10' 
6.491387 x loa 
3.349578 x 
1.573141 x lo4 
3.640250 x loa 
3.064532 x lo4 
2.1 71068 x lo4 
2.120246 x 10' 
1.198023~10~ 
NIA 
1 .Of35382 x 1 o4 
1.849817 x loa 
5.135448 x 10 ' '~  
2.698415 x lo6 
1.547596 x 10"' 
NIA 
9.825051 x loa 
6.82881 1 x 10' 
100,000-y Decay 
4.600149 x 10' 
4.270864 x 10' 
5.219441 x 10' 
3.667427 x lo6 
4.591 150 x 10' 
1.141454 x 10' 
3.548847 x lo6 
2.583277 x lo8 
1.089519~10~ 
2.773858 x 10" 
1.437950 x 1 o6 
NIA 
6.899550 x 10' 
1.291545~10' 
6.491381 x loa 
3.349578 x lo-' 
3.1 18587 x loa 
3.281740 x loa 
3.926775 x lo4 
2.187475 x lo4 
2.120246 x lo4 
1.176241~10~ 
NIA 
2.290962 x 10' 
5.538696 x lo4 
5.783403 x 10"' 
2.437106 x 10' 
1.745731 x 10-12 
NIA 
5.576380 x 10"O 
6.827699 x 10" 
10,000-y Decay 
4.600149 x lo4 
4.270864 x 1 o6 
5.219441 x lo6 
4.933407 x lo6 
4.591 150 x lo6 
1.141454 x lo6 
3.549847 x lo6 
2.583277 x lo6 
1.089519~10~ 
2.773858 x lu7 
1.437950 x lo6 
4.558900 x lo4 
6.899550 x 10' 
1.291545~10' 
6.491387 x 10' 
3.349578 x 1o'T 
3.6OW39 x 10" 
3.893064 x 10' 
1 .I86271 x lo4 
1.449202 x lo4 
2.120246 x 1u2 
1.208915x104 
7.320579 x 10- 
2.942950 x lo4 
7.474551 x lo6 
8.942855 x 101'' 
2.879732 x lo6 
2.822087 x lo4 
5.332819 x loa 
2.634176 x loa 
6.829658 x 10' 
25,000-y Decay 
4.600149 x 10' 
4.270864 x 1 o8 
5.219441 x 10' 
4.698483 x lo8 
4.591 150 x 10' 
1.141454 x lo8 
3.549847 x lo8 
2.583277 x lo8 
1.089510~10~ 
2.773858 x 
1.437950 x 1 o8 
NIA 
6.899550 x 10' 
1.291545~10' 
6.491387 x 10' 
3.349578 x 10" 
0.084338 x lo-' 
3.783653 x loa 
2.218765 x lo4 
2.039820 x lo4 
2.120246 x lo4 
1.203469~10~ 
NIA 
1.927767 x lo4 
1.527174 x lo8 
2.623952 x 10"' 
2.799739 x 10' 
8.246706 x 10"' 
NIA 
6.4261 14 x 
6.829265 x 10' 
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5 3  PARAMETERS 
This calculation involves varying five parameters: enrichment/burnup, decay time, rod spacing, 
fission product concentration, and iron oxide concentration. The first two parameters, 
enrichment/burnup and decay time, affect the atom densities of all of the isotopes in the fuel 
material. The enrichment is the initial wt% of "'PU in the plutonium. The bumup is measured. 
in GWd/MTHM. 
The third parameter, rod spacing, affects the neutron spectrum of the system, by varying the 
amount of moderator (water) interspersed through the lattice. The rod spacing is decreased in 
steps of 25% of the inital spacing. The new lattice pitch (P), adjusted for the spacing decrease, is 
- calculated using Eq. 5-2. 
Eq. 5-2 P =  DR +(P, -D,).(I-S) 
where: P = Adjusted lattice pitch, cm 
Po = Initial lattice pitch, 1.25984 cm (CRWMS M&O 1998% p. 9) 
DR = Outer diameter of the fuel rod, 0.9144 cm (CRWMS M&O 1998% p. 9) 
As = Change in spacing as a percentage of the initial spacing 
When the fuel rods around the guide tubes collapse, they are arranged into some irregular lattice 
because the guide tubes have a larger diameter than the fuel rods. Because the actual locations of 
the rods and tubes cannot be predicted, the random lattice was approximated with a rectangular 
one. It is then necessary to decrease the guide tube radius so that a square pitch lattice can be 
maintained. When this is done, the thickness of the cladding for the guide tube is maintained, as 
.the outer and inner diameters are decreased. This decreases the guide tube volume and the 
volume of water it can contain. However, the total mass of water available for moderation must 
be preserved. Therefore, the density of the water in the guide tube cell is increased so that the 
mass of water is conservatively maintained as the volume of the cell is decreased. 
For the water inside the guide tube, this increase in water density is accomplished using Eq. 5-3. 
Eq. 5-3 p=- p,IRb 
IR 
where: p = Adjusted water density, g/cm3 
po = Initial water density, 1 .OOO g/cm3 (CRWMS M&O 1998% p. 1 1) 
IR = Adjusted guide tube inner radius, cm 
I% = Initial guide tube inner radius, 0.5715 cm (CRWMS M&O 1998a, p. 9) 
For the water outside the guide tube, but inside the guide tube cell, this increase in water density 
is accomplished using Eq. 5-4. 
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Eq. 5-4 P = P. ( ( 2 0 ~ ~ ) ~  - OR:) ( ( 2 0 ~ ) ~   OR^) 
where: p = Adjusted water density, &m3 
po = Initial water density, 0.101 03 atom/b-cm (CRWMS M&O 19984 Attachment 
Iv) 
OR = Adjusted guide tube outer radius, cm (= '/z Pi, fiom Eq. 5-2) 
0% = Initial guide tube outer radius, 0.61214 cm (CRWMS M&O 1998% p. 9) 
The fourth parameter is fission product concentration. This parameter affects the amount of 
parasitic absorption occurring in the fuel material. All fission products are conservatively 
assumed to have the same average solubility while U and Pu isotopes are assumed to be 
insoluble. The amount (atom density) of fission products in the fuel is decreased in steps of 25% 
of the initial amount, while the atom densities for the actinides and for oxygen remain 
unchanged. This is intended to represent fission product leaching (FPL) over time. The new 
isotopic atom densities (Ni), adjusted for the FPL, are calculated using Eq. 5-5. 
Eq. 5-5 N, = Np (1 -A,) 
where: Ni = Adjusted fission product atom density for isotope "i", atom/b.cm 
NP = Initial fission product atom density for isotope "i", atom/b.cm 
Af = Change in fission product atom densities as a percentage of the initial fission 
product atom densities 
The fifth parameter is iron oxide concentration. This parameter affects the amount of parasitic 
absorption and the moderator displacement occurring in the moderator material interspersed 
through the lattice. The amount (moles) of the iron oxide, in the form of hematite (Fez03) 
present in the water, is decreased by up to 75% in four steps (lo%, 25%, SO%, and 75% of the 
initial amount). The hematite is replaced with water (H20). The new iron atom densities (NFe), 
adjusted for the iron oxide loss, are calculated using Eq. 5-6. The adjusted hydrogen atom 
densities (NH) are calculated using Eq. 5-7. The adjusted oxygen atom densities (No) are 
calculated using Eq. 5-8. 
where: NFe = Adjusted atom density for iron, atom/b.cm 
NF,O = Initial atom density for iron, atom/b.cm 
m ~ c  = Initial number of moles of hematite, 58 103.5 moles (CRWMS M&O 
19984 p. 14) 
AC = Change in iron atom densities as a percentage of the initial iron atom 
densities 
NAv = Avagadro's Number, 6.022 x id3 a tdmole  
V = Void volume in a loaded WP, 5530485.47 cm3 (CRWMS M&O 1998a, 
Attachment I) 
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Eq. 5-7 N H = N : +  2*C*(Viem - V . )  P W ~  .N,, 
V*M, 
where: NH = Adjusted atom density for hydrogen, atom/b.cm 
NHO = Initial atom density for hydrogen, atom/b.cm 
pwn = Density of water, 1.000 g/cm3 (CRWMS M&O 1998% p. 1 1) 
VH,' = Initial volume occupied by hematite, 1,770,700 cm3 (CRWMS M&O 
1998% p. 14) 
V,. - New volume occupied by hematite, cm3 (CRWMS M a 0  1998% p. 14) 
V = Void volume in a loaded WP, 5,530,485.47 cm3 (CRWMS M&O 1998% 
Attachment I) 
NAv = Avagadro's Number, 6.022 x 1 p  atom/mole 
Mwat = Molecular weight of water 
C = Factor for converting cm? to b, 1 x cm2/b 
where: No = Adjusted atom density for oxygen, atom/b.cm 
No0 = Initial atom density for oxygen, atombcm 
NH = Adjusted atom density for hydrogen, atom/b.cm 
NHO = Initial atom density for hydrogen, atombcm 
NF,O = Initial atom density for iron, atom/b.cm 
NFe = Adjusted atom density for iron, atomtb-cm 
A naming system was established for naming the MCNP input and output files so that the 
calculation could be identifiable using only a short name. For the purposes of this calculation, 
four- or five-letter names are used for the files. In this naming system, the first letter identifies 
the enrichmenthumup, the second letter identifies the decay time, the third identifies the AS, and 
the fourth letter identifies the Af. For cases containing no change in the iron oxide, there is no 
fifth letter. Cases that do contain adjusted iron oxide do have a fifth letter in the file name. 
Table 5-3 lists the identifying letter used for each of the parametric values. As an example, the 
case involving 4.0 wt% fissile Pu/35.6 GWdIMTHM fbel decayed over 10,000 years, with a 
spacing between rods decreased by 50% and the fission products reduced by 25%, is named 
"aacb" for the purposes of this calculation. This naming system is used consistently throughout 
this calculation. An "0" as the sixth letter, or a ".out9' suffix, indicates that the file is an "output" 
file. 
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Table 5-3. Parametric Identifiers 
5 3  WASTE PACKAGE PARAMETERS 
The intact waste package geometry parameters used in this calculation, which represent the 
Viability Assessment design, are listed in Table 5-4 as taken fiom CRWMS M&O (1998a). 
, 
Table 5-4. Waste Package Dimensions 
- 
Component 
Outer banier length (skirt edge to skirt edge) 
Outer banier skirt length (both ends) 
Outer banier lid thickness 
Outer barrier inner radius 
Outer barrier outer radius 
Gap between inner and outer lids 
Inner barrier length (overall) 
Inner barrier IM thickness 
Inner barrier inner radius 
Inner barrier outer radius 
21 PWR WP 
Dlmenslons (em) 
533.50 
22.50 
1 1 .OO 
73.17 
83.1 7 
3.00 
463.50 - 
2.50 
71.17 
73.17 
Material 
(CRWMS M&O 
1998a, p. 10) 
A 516 Carbon 
Steel 
NIA 
Alloy 22 
(UNS N06022) 
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6. RESULTS 
The presentation of results is arranged to emphasize the sensitivity of bff to the most relevant 
parameters associated with waste package degradation. The cases varying these degradation 
parameters are divided into two major sets. Tables 6-1 through 6-10 emphasize the variation of 
kff with fission product loss for a range of times since discharge and degree of assembly collapse 
(or interpin pitch). Tables 6-1 through 6-5 are for the 4.0 wt% fissile PuB5.6 GWdh4THM fuel; 
Tables 6-6 through 6-10 are for the 4.5 wt% fissile W39.3 GWdIMTHM fuel. In each of these 
two table subsets, the individual tables correspond to different degrees of assembly collapse: 0%, 
25%, SO%, 75%, and 100%. These correspond to a square lattice with the following interpin 
spacings (center to center, cm): 1.260, 1.173, 1.087, 1.001, and 0.914. Each of these tables is 
divided into four blocks according to the time since discharge: 10, 25, 45, and 100 thousand 
years. Within each block the lines cycle through the values of fission product loss: 0%, 25%: 
50%, 75%, and 100%. 
The second major table set, consisting of Tables 6-1 1 and 6-12, emphasizes the variation of kff . 
with iron oxide loss for a range of times since discharge and degree of assembly collapse (or 
interpin pitch). Fewer cases were run for this set, corresponding to two bounding time values 
(25,000 years and 100,000 years) and two bounding degrees of collapse (0 and loo%), hence, 
fewer number of tables and fewer lines per table. 
In both of these sets, the Ihr results represent the average combined collision, absorption, and 
track-length estimator fiom the MCNP calculations. The standard deviation (a) represents the 
standard deviation of about the average combined collision, absorption, and track-length 
estimate due to the Monte Carlo calculation statistics. The AENCF values are calculated using 
Eq. 5-1. 
Figure 6-1 is a plot of kff as a function of fission product loss at the two extreme collapse rates 
of 0 and 100% and at decay times of 25,000 and 100,000 years for the 4.0 wt% fissile Pu135.6 
GWd/MTHM fuel, which is the fuel with the higher reactivity. Figure 6-2 is a plot of as a 
function of iron oxide loss at the two extreme collapse rates of 0 and 100% and at decay times of 
25,000 and 100,000 years for the same fuel type. Both figures show an increase in bff with 
increase in the independeht degradation parameter, fission product loss, and iron oxide loss. 
There is, however, one significant distinction. All the curves in Figure 6-1 (which are 
approximately straight lines) are approximately parallel, indicating that the keff increase with 
increasing fission product loss is relatively independent of assembly collapse. Figure 6-2 shows 
that the slope of the lines decreases with increasing collapse. This is because the collapsed 
configuration has little room for iron oxide between the fuel pins, so the loss of iron oxide 
doesn't make much difference. 
After the two major table presentations, which are divided according to fission product loss 
versus iron oxide loss, a summary tabulation of all the results together is given in Tables 6-13 
and 6-14. These summarize the change in system reactivity (aff) in reference to the base case 
of 10,000 years decay, 0% decrease in spacing, 0% decrease in fission product concentrations, 
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and 0% decrease in iron oxide concentration for the two fuel types 4.0 wt% fissile Pd35.6 
GWdMTHM and 4.5 wt?h fissile PuB9.3 GWd/M.THM, respectively.. The base cases are cases 
"aaaa" and "baaa" for the two fuel types, respectively. All the cases in these tables summarize 
the change in system reactivity (&) in reference to the base case of 10,000-years decay, 0% 
decrease in spacing, 0% decrease in fission product concentrations, and 0% decrease in iron 
oxide concentration for the two he1 types 4.0 wt% fissile Pu135.6 GWdMTHM and 4.5 wt?A 
fissile PuB9.3 GWd/MTHM, respectively. The base cases are cases "aaaa" and "baaa" for the 
two fuel types, respectively. 
8 
Because the source information is based on the assumptions listed in CRWMS M&O (1998% pp. 
6-7), and because the fuel represented in the MCNP input files taken from CRWMS M&O 
(1998% Attachment IV) is based on assumed enrichments and burnup curves, the source 
information should be considered unqualified data. Because of this, the results reported in 
Section 6 must be verified prior to use in quality affecting activities, or use in analyses affecting 
procurement, fabrication, or construction. 
Table 6-1. Results for the 4.0 wt?? Fissile PuM5.6 GWdlMTHM Fuel, 0% Collapse 
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Table 6-2. Results for the 4-0 wt% Fissile Pu135.6 GWdmnTHM Fuel, 25% Collapse 
Table 6-3. Results for the 4.0 wt% Fissile Pu135.6 GWdNTHM Fuel, 50% Collapse 
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Table 6-4. Results for the 4.0 wt% Fissile Pul35.6 GWdIMTHM Fuel, 75% Collapse 
Table 6-5. Results for the 4.0.wt% Fissile Pu135.6 GWdmATHM Fuel, 100% Collapse 
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Table 6-6. Results for the 4.5 WO Fissile PuM9.3 GWdIMTHM Fuel, 0% Collapse 
Table 6-7. Results for the 4.5 wt% Fissile Pu13Q.3 GWdIMTHM Fuel, 25% Collapse 
Waste Package Operations Calculation 
city *fthe Plutonium Disposition MOX SNF Waste Form 
Document Identifier: CAL-EBS-NU-OOOOOS REV 00 - Page 20 of 40 
Table 6-8. Results for the 4.5 wt% Fissile Pu139.3 GWdlMTHM Fuel, 50% Collapse 
Table 6-9. Results for the 4.5 wt?h Fissile Pu139.3 GWdIMTHM Fuel, 75% Collapse 
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' Table 6-10. Results for the 4.5 wt% Fissile Pu139.3 GWdIMTHM Fuel, 100% Collapse 
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Table 6-1 1. Results of the lron Oxide Loss for 4.0 wt% Fissile PuI35.6 GWdlMTHM Fuel 
. . 
Table 6-12. Results of the lron Oxide Loss for 4.5 wt% Fissile PuI39.3 GWdlMTHM Fuel 
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Fission Product Loss (%) 
I 
+ 0% Collapse, 25,000-y Decay 
-a- IOWA Collapse, 25,000-y Decay 
+ 0% Collapse, 100,000 y Decay - 
++ 100% Collapse, 4100,000-y Decay 
Figure 6-1. IGn as a Function of Fission Product Loss (4.0 wt% fissile Pu135.6 GWdlMTHM) 
q.1 
0.6 
0 16 30 45 60 76 
lron Oxide Loss (Oh) 
I L 
+ 0% Collapse, 25,000-y Decay 
+ 100% Collapse, 26,000-y Decay 
t +- 0% Collapse, 100,000y Decay - 
++ 100% Collapse, 400,000-y Decay 
Figure 6-2. 16n as a Function of lron Oxide Loss (4.0 wt% fissile Pu135.6 GWdmATHM) 
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Table 6-13. Summary of Results for the 4.0 wt% Fissile Pu135.6 GWdMTHM Fuel 
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i 
1 
I 
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Table 6-14. Summary of Results for the 4.5 W!  Fissile Pu139.3 GWd/MTHM Fuel 
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Table 6-14. Summary of Results for the 4.5 wt% Fissile Pu139.3 GWdlMTHM Fuel 
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7. ATTACHMENTS 
Table 7-1 contains a list of the attachments included in this calculation. Table 7-2 contains a 
description of the folders included in Attachment 11. Table 7-2 presents a description of the 
contents of Attachment 11. 
' . 
Table 7-1. Attachment Listing 
Table 7-2. Files Contained in Attachment I1 
Attachment 
I 
II 
Contents 
Document Input Reference Sheets (DIRS) 
Compact Disc (CD) Containing the lnput Bnd Output Files for the MCNP 
Calculations. 
Page 
1 
NJA 
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Table 7-2. Files Contained In Attachment II 
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Table 7-2. Files Contained in Attachment II 
Waste Package Operations - I Calculation 
Title: Evaluation of Internal Criticality of the Plutonium Disposition MOX SNF Waste Form 
Document Identifier: CAL-EBS-NU-000005 REV 00 Page 33 of 40 
Table 7-2. Files Contained in Attachment II 
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Table 7-2. Files Contained in Attachment II 
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Table 7-2. Files Contained in Attachment II 
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Table 7-2. Files Contained in Attachment II 
Name 
bdeaw 
bdead 
bdeado 
Date 
08120199 
08/25/99 
08125199 
Time 
7:17 
8:38 
838 
Site (byte) 
289451 
14149 
289451 
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6. Input Desalptlon 
MCNP base input files, 
MCNP base input files, 
assembly parameters, 
waste package parameters, and 
TBV- 
33Q5 
corrosion product parameters 
based on unaualifled data. 
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5.1 
5.2 
Not an input, reference only 
Not an input, reference only 
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INT 
osition MOX 
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